The internal transcribed spacer (ITS) and external transcribed spacer (ETS) regions of nuclear ribosomal DNA (nrDNA) in 30 species and four varieties of Chrysanthemum and 54 species and one variety in the closely related genera within the tribe Anthemideae, the family Asteraceae are sequenced and analyzed to clarify and justify their molecular characteristics and close relationships. Chrysanthemum forms a polytomy clade with Ajania. In addition, the substitution rates of the ITS and ETS regions of Chrysanthemum and Ajania are quite low as compared with the closely related genera. Chrysanthemum and Ajania are too close to separate from each other and have been currently, taxonomically treated as Chrysanthemum in combination. The species of Chrysanthemum studies are highly adapted and diversified with low level DNA divergence and thus, they might have reticulation and/or introgression event during evolutional process. According to the intergeneric mean of Chrysanthemum, a part of the radiate genera and species such as Ajania members studied, Elachanthemum intricatum and Phaeostigma variifolium are placed in the Chrysanthemum clade. However, C. sinuatum is excluded from this clade. The species of Chrysanthemum studied showed so close, relationships with cryptic differences in ITS and ETS with each other and thus, they could be distinctly separated from the other closely related genera in the tribe Anthemideae.
One of the largest tribes of the Astraceae, the Anthemideae Cass. has 12 subtribes, 108 genera and 1,741 species (Bremer and Humphries 1993) . The principal taxonomic problems within each tribe are of relationships and distinct characteristics of respective genus, especially those of problematic subtribe Artemisiinae. The subtribe Artemisiinae has total 18 genera and 634 species and is characterized by disciform or discoid, commonly paniculate capitula, smooth or short spined pollen, and obovoid, thin-walled, and ribless cypselas without pappus (Bremer and Humphries 1993) .
Chrysanthemum formerly Dendranthema (Bremer and Humphries 1993; Brummitt 1998; Greuter et al. 2000) consists of 37 species and is distributed in temperate zones in East Asia and centered in China. Cytogenetical studies of Chrysanthemum using Chinese and Japanese materials have been well carried out by Kondo's team since 1987 (e.g., Tanaka et al. 1989 Kondo et al. 1994; Abd El-Twab and Kondo 2003) . The results performed certain concept of the cytogeographical non-disjunction and evolutional progress (e.g., Kondo et al. 1994; Abd El-Twab and Kondo 2003) .
However, the distinct morphological characteristics of Chrysanthemum have not been clarified because the genus has some plesiomorphic relatives among the Anthemideae complex (Bremer and Humphries 1993) . For instance, Ajania is quite closely related to Chrysanthemum and has only the minor, species characteristics of smaller, disciform, densely corymbose capitula (Bremer and Humphries 1993) . Concerning flower shapes in the head inflorescence in ornamental chrysanthemums, suppression with an antisense transgene of the chrysanthemum-AGAMOUS (CAG) gene which is one of the C gene on the ABC model of flower structure affected the shapes of the disc flower and the ray flower (Aida et al. 2008 ). If it would make constructively reveal the CAG gene to the flower morphogenesis of chrysanthemum the flower had no ray flower but only disc flower exactly like the flower characteristics of Ajania (Murai personal communication). The presence of the CAG gene may be only the characteristics to progress the evolution and speciation of the genus Ajania (Murai personal communication). Many natural as well as artificial hybrids readily made between Ajania and Chrysanthemum have been reported Ohashi and Yonekura 2004) . Moreover, the relationships between Chrysanthemum and the species of the closely related genera of Chrysanthemum have not yet been resolved (Bremer and Humphries 1993) . The members of the closely related genera of Chrysanthemum such as Arctanthemum, Brachanthemum, Chrysanthemum and Tridactylina have the common characteristics of solitary or laxy corymbose capitula, while Ajania and Phaeostigma have the common characteristics of disciform (Bremer and Humphries 1993) . Since those taxa have many common morphological features, variation among them is taxonomically slight.
Interspecific relationships in Chrysanthemum also have not yet been studied well. Close relativeness within the genus can make readily artificial and natural hybridization among the species . Some species might be derived from natural hybridization and even perform introgressive hybridization in nature (Shimotomai et al. 1968; Kondo et al. 1994; Nakata 1999) . On the other hand, some species of Chrysanthemum show "ecotype" of which terminology was originated from the basic study of the Asteraceae (Turesson 1922a (Turesson , b, 1925 and some materials that are recognized as same species often show different morphological character when they are replanted and cultivated in different environments (Kondo unpublished) .
In spite of its phylogenetic importance and horticultural and breeding interests, molecular systematics of Chrysanthemum, however, are poorly characterized in most standard references excepting those of cultivars of C. grandiflorum and their close relatives have been summarized regarding the characteristics of RAPD, RFLP and ISSR by Wolff and Peters-van Rijn (1993), Wolf et al. (1994) , Wolff (1996 ), Martin et al. (2002 , Yang et al. (2006) and so on.
The present study attempts to clarify the molecular phylogenetic relationships among 30 species and four varieties of Chrysanthemum and 54 species and one variety of their close related genera in the Asteraceae tribe Anthemideae on the basis on the internal transcribed spacer (ITS) and the external transcribed spacer (ETS) regions of nuclear ribosomal DNA (nrDNA). The ETS region is known to be more variable and more phylogenetically informative than the ITS region in several genera of the Asteraceae out of tribe Anthemideae (Baldwin and Markos 1998; Linder et al. 2000; Clevinger and Panero 2000; Markos and Baldwin 2002; Plovinich and Panero 2004; Hidalgo et al. 2006 ).
MATERIALS AND METHODS
Plant materials Eighty-nine genera of the tribe Anthemideae, the Asteraceae representing 30 species and four varieties of Chrysanthemum, 30 species and one variety of other genera in the subtribe Artemisiinae, and 24 species of other subtribes in tribe Anthemideae were used in this study (Table 1) . These taxa were collected mainly in East Asia and were cultivated or preserved as dried specimens in Laboratory of Plant Chromosome and Gene Stock, Graduate School of Science, Hiroshima University. DNA extraction, amplification, cloning and sequencing Total DNA of each taxon was extracted from fresh leaves using CTAB method (Doyle and Doyle 1987) or from dried specimens using DNeasy plant mini kit (Qiagen, Valencia, CA., USA). The ITS region (ITS-1, 5.8S, ITS-2) was amplified with primers ITS5 (5'-GGAAGTAAAA GTCGTAACAAGG-3') and ITS4 (5'-TCCTCCGCTTA TTGATATGC-3') (White et al. 1990 ). In case, where these primers did not provide complete sequences, the ITS was then sequenced using the internal primers, ITS2 and ITS3 (White et al., 1990) . Amplification was carried out using GeneAmp PCR system 2700 (PE Biosystems, Boston, MA., U.S.A.) thermal cycler. Cycling was performed with an initial denaturation of 1 min at 97°C, followed by 27 cycles of 1 min denaturation at 97°C, 1 min annealing at 52°C, and 2 min extension at 72°C, with final extension period of 7 min at 72°C. The ETS region was amplified with primers ETS1f (5'-CTTTTTGTGCAT AATGTATATATAGGGGG-3') and 18S-2L (5'-TGACT ACTGGCAGGATCAACCAG-3') (Linder et al. 2000) referring to the PCR procedure described in the same publication. Cycling was performed with an initial denaturation at 95°C for 5 min and at 74°C for 7 min, then followed by 30 cycles of 45 sec denaturation at 94°C, 45 sec annealing at 50°C, and 40 sec extension at 72°C, with a final extension of 7 min at 72°C. The PCR products were gel-purified by QIA quick gel extraction kit (Qiagen). All of ITS and most of ETS PCR products were performed direct sequencing using Big Dye Terminator kit (ABI, Foster city, CA, USA) following the manufacture's protocol. Some of ETS PCR products which showed difficulty in obtaining clean sequences from direct PCR sequencing were cloned using pGEM-T easy vector system (Promega, Madison, WI, USA) following the manufacture's protocol. Escherichia coli strain JM109 (TaKaRa Bio, Otsu, Japan) were used for transformation. Then blue/white selection was performed and plasmid DNA were extracted and purified. Sequencing was performed on ABI PRISM 3130x/ Genetic analyzer (PE Biosystems). The boundaries of ITS1, ITS2, and nuclear rDNA coding regions were determined by comparison with an almost complete sequence for the 18S-26S nrDNA cistron of Arabidopsis thaliana (Accession No. X52320).
Phylogenetic analysis The sequences obtained were by aligned using CLUSTAL W program (Thompson et al. 1994 ) on the DDBJ Website (http://www.ddbj.nig.ac.jp) with the default settings followed by adjustment by eye. The pairwise sequence divergences were calculated with MEGA Version 3.1 using the options of the number of difference model and Pairwise deletion of Gap / Missing data (Kumar et al. 2004) . Parsimony analyses were performed by using PAUP 4.0b program (Swofford 2000) . Heuristic search was conducted with 1,000 random addition replicates, rearrangements limited to 100,000 per replicates, tree bisection-reconnection (TBR) and MulTree on. Bootstrap analysis was carried out on 1,000 replicates using heuristic search option in PAUP (Felsenstein 1985) . For the Bayesian analyses, a substitution model was deduced with hLRT using MrModeltest 2.2 (Nylander 2004) . This model was used to perform a Bayesian analysis using program MrBayes v3.1.2 (Huelsenbeck and Ronquist 2001) . Four chains of Markov chain Monte Carlo were run simultaneously for 1,000,000 generations, keeping one tree every 100 generations. The first 2,500 generations were discarded as burn-in, and the remaining generations were used to calculate a 50% majority rule tree and to determine the posterior probabilities for the individual branches.
RESULTS AND DISCUSSION
Phylogenetic position of Chrysanthemum sensu stricto in the tribe Anthemideae analyzed by the ITS region A molecular phylogenetic analysis was carried out using ITS 1+2 data matrix. The outgroups such as Inula helenium, Calendula officinalis and Grangea maderaspatana were chosen in the tribes other than Anthemideae in the subfamily Asterea because they were known as a sister clade to the tribe Anthemideae according to molecular phylogenetic analysis using chloroplast DNA data (Jansen et al. 1990 ). The length of ITS region in 92 taxa in the tribe Anthemideae varied from 620-641 bp including 253-257 bp for the ITS1 region, 164 bp for the 5.8S rRNA gene and 202-223 bp for the ITS2 region (Table 1) . Maximum parsimony (MP) analysis of the ITS data matrix produced 208 equally parsimonious trees of 751 steps with a consistency index including uninformative characters (CI) of 0.505 and a retention index (RI) of 0.827. Bayesian analysis of the ITS data matrix showed that the GTR+G+I model was found to be the most efficient model for optimizing sequence evolution of the data set. Same topology was yielded by Bayesian inference and MP analysis, so that only the posterior probabilities (PP) calculated by Bayesian inference were inserted together with the bootstrap value (BS) from the tree obtained with the MP analysis, drawn in Fig. 1 .
The phylogenetic tree yielded by analyses using the ITS region supported the tribe Anthemideae segregation into two clades ( Fig. 1 ): The first clade was formed by species from the subtribe Artemisiinae with 77.3% BS and 0.72 PP. The second clade was formed by species from the other subtribes of the tribe Anthemideae with 76.9% BS and 0.97 PP. However, sister groups of the subtribe Artemisiinae was still unclear and the data indicated that subtribe Artemisiinae was monophyletic. In addition, the fact that Chrysanthemum sensu stricto of the subtribe Artemisiinae could be clearly separated from Tanacetum of the subtribe Tanacetinae suggested that they could not have a close genetic relationship although they were once treated as Chrysanthemum sensu stricto (Hoffmann 1894) .
The phylogenetic tree also indicated that Leucanthemella and Nipponanthemum were placed in subtribe Artemisiinae clade and were distinct genera from the subclade formed by the species of the subtribe Leucantheminae such as Leucanthemum vulgare, Rhodanthemum gayanum and R. hosmariense. According to Bremer and Humphries (1993) , Leucanthemella and Nipponanthemum were provisionally placed as an aberrant member of the subtribe Leucantheminae although they might be more closely related to the member of the subtribe Artemisiinae. In addition, Leucanthemella linearis and Nipponanthemum nipponicum readily made artificial hybrid between them and with some species of Chrysanthemum and Ajania . The data reported here and elsewhere reported previously such as Francisco-Ortega et al. (1997) , Oberpreiler and Vogt (2000), Watson et al. (2000) and Watson et al. (2002) suggested and clarified that the subtribe Leucantheminae of Leucanthemella and Nipponanthemum should be replaced and retreated into the subtribe Artemisiinae.
Intrageneric relationships and characteristics of Chrysanthemum sensu stricto with respect to ITS and ETS regions The ITS tree showed that the species of Chrysanthemum studied except for C. sinuatum formed a polytomy clade, which was strongly supported by 98.0% BS and 0.95 PP (Fig. 1) . Intergeneric relationship between Chrysanthemum sensu stricto and Ajania was too close to separate each other. This result was not due to genetic contamination by natural hybridization. The present data of ITS sequence and the ITS sequences data in Chrysanthemum listed in the database combined to form polytomy Chrysanthemum sensu stricto clade confirmed by the Neighbor-Join methods (data not shown).
The ETS sequence of nrDNA was also applied to the species within the subtribe Artemisiinae to clarify and justify the intrageneric relationships within Chrysanthemum sensu stricto, since the ETS region is known to be more variable and phylogenetically more informative than the ITS region in several genera of the Asteraceae (Baldwin and Markos 1998; Linder et al. 2000; Clevinger and Panero 2000; Markos and Baldwin 2002; Plovinich and Panero 2004; Hidalgo et al. 2006) .
The lengths of the ETS region in 61 taxa in the subtribe Artemisiinae and four outgroups ranged from 1063-1285 bp, while those in the species of Chrysanthemum sensu stricto and Ajania studied except for C. sinuatum ranged from 1063-1090 bp. The lengths of the ETS region of the species other than the 61 taxa within the subtribe Artemisiinae ranged from 1230-1285 bp, and those of the other species studied in the tribe Anthemideae as the outgroups ranged from 1063-1269 bp (Table 1) .
For the phylogenetic analysis, some of the ETS sequences have repeats in the 5' end of the region might be of constituted autapomorphic events or characterized a group without alignment, as found in some other groups of Asteraceae (Baldwin and Marcos, 1998 , Linder et al., 2000 , Marcos and Baldwin 2002 , Hidalgo et al. 2006 ). In the present study, some repetitions existed especially in the species of the subtribes Artemisiinae studied except for Chrysanthemum sensu stricto, therefore their alignment was impeded by the difficulty of establishing the homology of repetitions and the unalignable sequence area were removed from the data matrix. Thus, we used the data of 3' end about 500bp of the ETS sequence which alignable region through all taxon used in the present study, and the data matrix of ITS1+2 and ETS 500bp were combined for the phylogenetic analysis in the subtribe Artemisiinae (Fig. 2) . The outgroup species were chosen in other subtribes of the tribe Anthemideae clade shown in the present ITS tree. Maximum parsimony (MP) analysis of the ITS1+2 and ETS data matrix showed 49569 equally parsimonious trees of 806 steps with a consistency index including uninformative characters (CI) of 0.593 and a retention index (RI) of 0.804. Bayesian analysis of the ITS data matrix showed that the GTR+G+I model was found to be the most efficient model for optimizing sequence evolution of the data set. Same topology was yielded by Bayesian inference and MP analysis, so that only the posterior probabilities (PP) calculated by Bayesian inference were inserted together with the bootstrap value (BS) from the tree obtained with the MP analysis (Fig. 2) .
The phylogenetic tree from ITS 1+2 and ETS combined data matrix showed that the subtribe Artemisiinae were consisted by some subclades; one was the Chrysanthemum and Ajania clade, and the other were the radiate genera clades (Fig. 2) . However, in Chrysanthemum and Ajania clade, some subclades with weakly supported by BS and PP existed, Chrysanthemum except for C. sinuatum formed a mixed clade with Ajania without any geographical and morphological correlation, and the monophyly of this clade were strongly supported by 100% BS and 1.00 PP. This data indicated that even the information of ETS region were added, the genetic relationship between Chrysanthemum sensu stricto and Ajania was too close to separated from each other and therefore they should be treated within the genus Chrysanthemum sensu stricto. This hypothesis was confirmed when additional phylogenetic analysis using full length ETS region (about 1080 bp) was carried out (Fig. 3) . MP and Bayesian analyses were performed using the species placed in Chrysanthemum sensu stricto and Ajania clade in Fig. 2 and Phaeostigma quercifolium which have alignable sequence of the ETS region with Chrysanthemum sensu stricto was chosen as the outgroup. The phylogenetic tree indicated that C. coreanum, C. oreastrum and A. pallasiana could separate from the other Chrysanthemum sensu stricto with strongly supported BS and PP. However, certain Chrysanthemum and Ajania were mixed and placed without any correlation although some subclades were existed with weakly supported BS and PP.
In order to investigate whether or not closely molecular relationships within Chrysanthemum sensu stricto (Chrysanthemum and Ajania) are one of the important characters of them or not, we examined the number of pairwise sequences divergence of ITS and ETS regions within Chrysanthemum sensu stricto (Table 2 ). Since it is known that the substitution rate of the nrDNA varied between genera, so that the substitution rate of the nrDNA of Chrysanthemum sensu stricto was compared with that of Artemisia which was the major genus of the subtribe Artemisiinae and had many ITS and ETS data registered in the database (Sanz et al. 2008) . The average number of pairwise sequences divergence of ITS region in Chrysanthemum sensu stricto were 0.99% ±0.42 SD (4.72/473bp) with the range of 0-15/473bp, while the average number of pairwise sequence divergence in 114 taxa of Artemisia which were all available in the database were 5.74%±1.91 SD (28.23/492bp) with the range of 0-60/492bp. The average number of pairwise sequences divergence of ETS region in Chrysanthemum sensu stricto were 1.26% ±1.00 SD (13.20/1049 bp) with the range of 0-43/1049 bp. Most of the ETS sequences of Artemisia documented in database were about 500 bp of 3' end region, and thus, the data given in this study were adjusted with them for the direct comparison. The average number of pairwise sequences divergence of about 500 bp of 3' region of the ETS in Chrysanthemum sensu stricto were 0.70% ±0.68 SD (3.59/509 bp) ranging from 0-16/509 bp. In contrast, the average number of pairwise sequences in 57 taxa of Artemisia were 4.53%±1.85 SD (22.96/507bp)
ITS 1+2
Aligned range ( with the range of 0-49 bp/507bp. These data indicated that in compared with Artemisia, the substitution rate of the ITS and ETS regions in Chrysanthemum sensu stricto were quite low. Although the ITS and ETS region are considered to be the most rapidly evolving DNA regions and have been used for studying phylogeny in broad range of plant groups (Kelch and Baldwin 2003) , they were highly conserved in Chrysanthemum sensu stricto suggesting that they have quite close genetic relationship with each other and it might be one of the important characteristics of Chrysanthemum sensu stricto.
On the other hand, Chrysanthemum has wide ranges of morphological, cytological and geographical divergences (Bremer and Humphries 1993) . Especially, cytogenetical studies of Chrysanthemum have been well carried out and the results performed some concepts of the geographical and morphological disjunction and evolutionary process (e.g., Tanaka et al. 1989 , Kondo et al. 1994 . In spite of highly adaptation and diversification of Chrysanthemum, the molecular phylogenetic data in the present study showed conflicted results. For example, tetraploid species of C. yoshinaganthum endemic to the Naka River of Tokushima Prefecture, Shikoku District in Japan could be separated clearly from other Chrysanthemum species by unique morphological character especially with the cuneiform leaf Fukai et al. 2002) . It might be placed in a particular taxonomic position in the genus and possibly different from other species of the genus (Abd El-Twab and Kondo unpublished). However, this species had absolutely the same ETS sequence (0/1049bp) and only 0.42% (2/473bp) nucleotide substitution in the ITS region with hexaploid C. vestitum which is distributed in China. Similarly, the tetraploid C. indicum had absolutely same ETS sequence (0/1024bp) and only 0.21% (1/473bp) nucleotide differences in the ITS region compared with the hexaploid C. japonense and the octoploid C. ornatum. These data indicated that the genetic relationships within Chrysanthemum sensu stricto assessed by the ITS and ETS regions could be quite closed, although they had apparently different morphological, geographical and cytological characters and thus, there are few correlation between molecular data and the other characters. The answer of these inconsistence is unknown although one of the reason of this phenomenon might be cause of the divergence of Chrysanthemum is recent and/or Chrysanthemum have an evolution by cross hybridization and polyploidization.
The earliest appearance of the Asteraceae could be represented by Taraxacum in the Oligocene period between 37 million and 24 million years ago and then, the Asteraceae might had progressed their evolution (McLean and Ivimey-Cook 1967) . Some members of Chrysanthemum sensu lato might have been originated from a relictual continental ancestor in the late Tertiary 1.7 million years ago due to major climatological changes (Humphries 1976 . In contrast, isozyme data concerning the origin of Argyranthemum indicated the taxa might be originated between 2.5-3.0 million years ago (Francisco-Ortega et al. 1995 , while cpDNA restriction-site data indicated they might be originated between 1.5-3.0 million years ago (Francisco-Ortega et al. 1995 . The ITS data were also used to estimate divergence times between 0.26 million and 3.23 million years ago that were lower than those obtained from isozymes and cpDNA restriction-site data (Francisco-Ortega et al. 1997 . Nucleotide sequence divergence values based on cpDNA restriction-site data in Argyranthemum were very low for the most of the comparison (0.122%±0.0034) and suggested radiation of ca 1.2 million years ago (Francisco-Ortega et al. 1995 . Then, many genera of the Anthemideae like Argyranthemum might have been derived from a relictual continental ancestor and become endemics which were suggested to activate secondary evolution by hybridization and stabilization of hybrid recombinants (Bramwell 1972 , 1976 as well as polyploidization and adaptation strategy as ecotype (Kondo unpublished) .
It is known that, in plants, one of the remarkable properties of rDNA gene is that the individual copies of sequence are rapidly homogenized by the mechanisms of concerted evolution in general, and when multiple rDNA divergent were arisen by some of organismal processes such as reticulation, introgression or polyploidization in a genome, these multiple repeats have three fates i.e., maintenance of repeat types, generation of new repeat types, and loss of repeat types via concerted evolution (Alvarez and Wendel 2003) . In addition, the pace of rDNA sequence homogenization process due to concerted evolution were different in each organisms (Alvarez and Wendel 2003) , for example, in the Winteraceae, ancient paralogs have been maintained to the present (Suh et al., 1993) . On the other hand, Fuertes Aguilar et al. (1999) reported that in artificial hybrid of Armeria, rDNA sequence homogenization was occurred in F2 generation. In Chrysanthemum sensu stricto., it is known that they could readily make artificial hybrid among their species and some species might be derived from natural hybridization and even perform introgressive hybridization in nature (Kondo et al. 1994) . In common, rDNA sequence homogenization process due to concerted evolution is intragenomic event and ITS and/or ETS sequence variation levels are suitable for phylogenetic inference at the specific, generic or even family levels (Alvarez and Wendel 2003) . However, in Chrysanthemum sensu stricto, it is possible that enough high frequency of intrageneric and/or intergeneric hybridization were occurred during evolutionally process and one or few types of rDNA repeat(s) comes to dominate and spread within a genus as a consequence of concerted evolutionary mechanisms. The mechanisms and frequency of hybridization were unclear, although this might be the dynamics of Chrysanthemum sensu stricto evolution and the genome analysis of Chrysanthemum would clarify the "Chrysanthemum synteny" regions which corresponding to make easily hybridization.
The intergeneric relationships between Chrysanthemum sensu stricto and the plesiomorphic genera According to the generic monograph by Bremer and Humphries (1993) , one of the problems regarding classification within the subtribe Artemisiinae was the definition of the plesiomorphic relatives of the Artemisia group, which was known in previous classifications as a broad concept of Chrysanthemum. This group included the radiate genera Arctanthemum, Brachanthemum, Chrysanthemum (formerly Dendranthema), Tridactylina, Ajania and Phaeostigma. The generic relationships among these genera are still unclear. Ohashi and Yonekura (2004) proposed that Ajania, Phaeostigma and Arctanthemum should be regarded in Chrysanthemum sensu stricto.
The phylogenetic trees showed that Ajania was considered conspecific with Chrysanthemum sensu stricto and thus, was reduced into Chrysanthemum sensu stricto. "Chrysanthemum sensu stricto" clade, which was strongly supported by 100% BS and 1.00 PP. Arctanthemum arcticum (Type1), Phaeostigma variifolium (Fig. 2) and Stilpnolepis intricata (Erachanthemum intricata) were included in this Chrysanthemum sensu stricto clade (Fig.  1) . On the other hand, C. sinuatum, Ph. salicifolium, Ph. quercifolium, Trid. Kirilowii, three species of Brachanthemum, and Arct. articum (Type2) (Fig. 1) were excluded from the Chrysanthemum sensu stricto clade. The molecular data in the present study indicated that Ajania and the other species that were placed in Chrysanthemum sensu stricto clade seemed to be integrated in the genus Chrysanthemum sensu stricto and C. sinuatum which was known to be very isolate species, perhaps deserving isolation into a separate section of Chrysanthemum (Komalov 1961) were clearly distinguished from these genera. These results supported that a part of the Ohashi and Yonekura's proposal (2004) , although some species of Phaeostigma, Brachanthemum and Tridactylina were distinguished from Chrysanthemum sensu stricto and the consequence of Arctanthemum was suspended. These data suggested that the character which Chrysanthemum sensu stricto had quite close rDNA sequence is disadvantage for the phylogenetic analysis of "intrageneric" relationships within Chrysanthemum sensu stricto, meanwhile this is advantage for the phylogenetic analysis of "intergeneric" relationships between Chrysanthemum sensu stricto and closely radiated genera because they can easily separate from each other by analyzing for ITS and/or ETS sequences.
Further research on analyzing remained genera such as three species of Arctanthemum and other species of Chrysanthemum sensu stricto (formerly Dendranthema and Ajania) would clarify the definition of the Chrysanthemum sensu stricto in the subtribe Artemisiinae.
